abstract
In September 2011, United States Health and Human Services Secretary Kathleen
Sebelius approved the addition of pulse oximetry screening for critical congenital heart disease (CCHD) to the Recommended Uniform Screening Panel. 1 Strategies for implementing this recommendation were published 1 month later, 2 with subsequent endorsement of CCHD screening by multiple professional and advocacy groups, including the American Academy of Pediatrics, the American Heart Association, the March of Dimes, and the American College of Cardiology. New Jersey, the fi rst state in the nation to implement CCHD screening, recently reported that 99% of its newborns are being successfully screened. 3 Older studies demonstrated poor rates of voluntary screening either before (Wisconsin, 28% of hospitals) 4 or shortly after (Georgia, 31% of hospitals) 5 the recommendation for universal screening. To our knowledge, there are no recently published reports describing the experience of a state in which adoption of CCHD screening has been voluntary and initiated at the local level by hospitals and care providers. Washington is 1 such state that at the time of the study had no legislative or regulatory mandate for CCHD screening and, the Washington State Department The objectives of the present study were as follows: (1) to determine the extent of voluntary implementation of CCHD screening in Washington; (2) to assess barriers to implementation of CCHD screening; and (3) to assess the protocols, staffi ng, and equipment used in hospitals that are actively screening.
METHODS

Setting
In 2011, Washington recorded 86 956 live births. Of these, 81 304 (93.5%) were born in hospitals and did not require admission to a NICU; these infants would thus have been eligible for CCHD screening (personal communication, WADOH, May 1, 2013). There were 2680 (3%) out-of-hospital births, attended mostly by licensed midwives at home or in a birth center.
Previous Educational Interventions
Washington is served by 3 civilian pediatric cardiology groups located in the major cities of Seattle, Tacoma, and Spokane, as well as military pediatric cardiologists at Madigan Army Medical Center. Each of these groups provided information to at least some birth hospitals and providers in their catchment area about the new recommendation. In the case of our institution, a series of educational outreach efforts were undertaken, as shown in Fig 1. In addition, presentations about CCHD screening to individual practices or hospitals were provided upon request.
Survey Design and Implementation
A Web-based survey was developed by using Research Electronic Data Capture (REDCap), hosted at the University of Washington. REDCap is a secure, Web-based application designed to support data capture for research studies. 6 Before survey distribution to the birth hospitals, the draft survey was reviewed by 4 nurses and physicians familiar with the content area or expert in survey design but who were not involved in the research; the survey was then revised to improve its clarity. In addition, multiple rounds of dummy data were entered into the REDCap tool to ensure that it was functioning properly.
A list of active delivery hospitals was obtained from WADOH, along with the numbers of births recorded at each hospital in 2011. The nurse manager or nurse educator for the well newborn unit for each hospital was identifi ed, along with contact information, including e-mail addresses. An introductory e-mail containing a survey link was sent to each nurse manager or nurse educator, and a reminder e-mail was sent after 1 week to all nonresponders. One of the 3 authors contacted each nonresponder after 2 unanswered electronic attempts and completed the survey over the telephone. All surveys were completed between May 1, 2013, and June 28, 2013. The survey assessed awareness of the recommendation, status of implementation of the recommendation, the protocol followed, staffi ng and equipment issues, pediatric cardiology support services, and the availability of prostaglandin E 1 at each birth hospital. The full survey is shown in the Appendix. Not all questions were posed to all respondents, based on responses to previous questions. The article by Kemper et al 2 was provided via hyperlink for review while answering the question about screening protocol used. For those who completed the survey by telephone, the protocol published in Kemper et al was described by the questioner.
After the initial survey, information about the recommendation and resources for screening implementation were provided to nurse managers who had FIGURE 1 Time line showing issuance of the recommendation for CCHD screening, educational outreach efforts by our institution, and timing of the initial and follow-up surveys. The informational Web page can be accessed at: http://www.seattlechildrens.org/healthcareprofessionals/gateway/pulse-oximetry-screening-newborns/. CME, continuing medical education.
been unaware of the recommendation. Additional contacts encouraging scree ning were made to the hospitals with no plans to screen by either WADOH or the Washington State Hospital Association.
A brief e-mail follow-up effort was made in December 2013 with the nurse managers at hospitals not actively screening at the time of the initial survey. The goal was to assess progress toward implementation of scree ning in the intervening 6 months.
Analysis
Descriptive statistics are presented. Data furnished by WADOH on numbers of births at each hospital in 2011 were used to translate hospital-level responses to estimates of availability of CCHD screening or other pediatric cardiology support services as a percentage of Washington in-hospital births. The study protocol was reviewed by the Seattle Children's Hospital institutional review board and was determined to qualify as exempt research.
RESULTS
Sixty-four hospitals in Washington have active delivery services, none of which is at signifi cant altitude. Responses were obtained from all 64 hospitals (100%). Status of implementation of CCHD screening is shown as the number of Washington delivery hospitals in Fig 2 and as a percentage of all Washington in-hospital births in Fig 3. At the time of the initial survey, 54 hospitals (84%), accounting for 90.0% of Washington in-hospital births, reported actively performing CCHD screening. Only 2 hospitals were unaware of the recommendation, and 1 hospital had decided against screening. As of December 2013, an additional 3 hospitals had begun universal screening, bringing the total to 57 (89%). Overall, 91.4% of Washington hospital births now occur at hospitals with active CCHD screening programs. Five hospitals were working on implementation of their policies, all with planned implementation dates in the fi rst quarter of 2014. The hospital that had decided against screening had reversed this decision and was now planning to develop a screening protocol. The timing of implementation is shown in Fig 4. Three hospitals in the state had been routinely performing CCHD screening before the issuance of the national recommendation.
Of the 59 hospitals actively screening or in the process of developing a protocol at the time of the initial survey, 56 (95%) reported following or planning www.hospitalpediatrics.org to follow the protocol published by Kemper et al. 2 Two hospitals reported not following this protocol, and 1 was unsure.
Data about equipment and staffi ng issues from the 54 hospitals actively screening at the time of the initial survey are shown in Table 1 . Most hospitals used registered nurses on staff to perform the screening process, and they reported that screening took between 5 and 10 minutes to perform. Only 1 hospital reported hiring additional staff to implement CCHD screening.
Data regarding the usual timing of discharge and screening are shown in Table 2 . For an infant born after a term, vaginal delivery, the majority (87%) of screening hospitals reported a typical discharge time between 24 and 48 hours of age. No hospitals reported a routine length of stay >48 hours, but a minority (11%) reported a routine length of stay <24 hours. Usual age at screening paralleled the age at discharge, with 13% of hospitals routinely performing scree ning bet ween 12 and 24 hours of life, an age which may be associated with a higher false-positive rate. For infants born by cesarean delivery, screening was most commonly (83%) performed between 24 and 48 hours of age, with screening after 48 hours of age the next most common scenario (9%). A variety of approaches was reported to address a situation in which a parent requested that a newborn be discharged before 12 hours of age; currently, there is little guidance in the literature for this scenario.
Consistent access to in-house pediatric echocardiography was reported by 52% of hospitals, accounting for 79.7% of Washington in-hospital births. Fifty-eight percent of hospitals (account ing for 74.6% of Washington in-hospital births) reported prostaglandin E 1 was available on their formulary. Twenty-fi ve percent of nurse managers were unsure whether their pharmacy stocked prostaglandin E 1 , whereas 17% reported it was not available on formulary.
DISCUSSION
This survey illustrates the widespread voluntary adoption of pulse oximetry screening for CCHD in Washington birth hospitals, in the absence of a state legislative or regulatory mandate. As of December 2013, 89% of Washington birth hospitals (accounting for 91.4% of births) had active CCHD screening programs. The birth hospitals not currently screening have indicated their plans to begin screening soon. Although some type of statewide requirement may be necessary to achieve and maintain universal scree ning, the majority of Washington newborns are currently benefi ting from CCHD screening instituted by hospitals as a standard of care. Although 52% of well newborn units purchased new durable equipment to implement a screening program, the workload of screening has mainly been absorbed by existing staff, with only 1 hospital reporting hiring additional staff to implement CCHD screening. The vast majority of hospitals (95%) reported following the protocol published by Kemper et al. 2 Most hospitals (83%) performed screening in the recom m ended time interval.
With the challenge of implementation already accomplished by 89% of hospitals in our state, there is an ongoing need for assessment and monitoring of the quality of the screening program. Specifi cally, rates of screening, as well as false-positive and false-negative rates, need to be monitored, with appropriate quality improvement efforts instituted if the data indicate that the screening programs are performing suboptimally. This role is likely to be shared by private institutions and the WADOH. As our contribution to this effort, we have developed a Maintenance of Certifi cation Part 4 project for physicians affi liated with our institution to receive credit for assessing and improving the quality of the CCHD screening program at regional birth hospitals.
One variable that reportedly affects the rate of false-positive screen results is the age at screening, with an estimated 10-fold increase when screening is performed before 24 hours of age. 7 This factor is of interest in Washington, where early discharge of neonates is common. The American Academy of Pediatrics/ American College of Obstetricians and Gynecologists' Guidelines for Perinatal Care defi ne a "shortened hospital stay" as <48 hours after delivery. 8 Of note, none of the birth hospitals reported a typical length of stay for a term, vaginal delivery of >48 hours. Eleven percent of hospitals reported a usual length of stay for a term, vaginal delivery of <24 hours. We found that ∼83% of hospitals reported most commonly performing screening at the recommended age (ie, between 24 and 48 hours), but a signifi cant minority (13%) routinely performed screening before 24 hours of age. This factor will need to be monitored to determine its effect on false-positive rates.
Washington also has a high rate of out-of-hospital births (3.4% in 2012) compared with the US average of 1.4%. 9 The rate of out-of-hospital births has increased over time in Washington (personal communication, WADOH, May 1, 2013). Birth center and home births are typically attended by licensed midwives or family practitioners in our state. Although out-of-hospital births were not addressed in the initial guidance on implementation of CCHD screening, the recent American Academy of Pediatrics' position statement on planned home births affi rmed that CCHD screening should be performed as a standard of care. 10 Some practitioners performing home births conduct CCHD screening, but other research by our group indicates that implementation by licensed midwives is lagging behind hospital implementation and that the barriers to implementation are different from those encountered by hospitals (P.D. Evers, unpublished data, 2014).
In-house pediatric echocardiography is available to 79.7% of in-hospital births in Washington; it is mainly the hospitals with larger delivery volume that have this capability. Performance of a high-quality pediatric echocardiogram requires skill and ongoing practice, and it is thus expected that many of the smaller de livery hospitals do not offer this ca pability. However, the availability of prostaglandin E 1 is surprisingly low (only 58% of nurse managers were confident that it was on formulary), given that initiation of prostaglandin can be a lifesaving stabilization measure. Hospitals should be encouraged to stock prostaglandin E 1 as part of their institution of a CCHD screening program.
Our study used a survey technique and thus relied on nursing leadership to accurately report the status of screening for each newborn nursery (rather than collecting primary data on screening). This approach could limit the accuracy of the fi ndings, particularly for questions such as the initiation date of screening, which is subject to recall. However, in the absence of any statelevel monitoring of CCHD screening, a survey was the most practical way to assess screening practices throughout the state. As indicated earlier, our survey also provides limited insight into the quality of the screening programs that have been implemented individually by different hospitals. Although most hospitals are reportedly screening at the appropriate age and following the recommended protocol, this survey does not allow us to assess screening rates or false-positive or false-negative rates, which could vary signifi cantly between hospitals. We believe that the quality of our data is suffi cient to achieve its primary objective: providing a baseline assessment of voluntary CCHD screening throughout the state. This information has allowed public health offi cials and other CCHD screening stakeholders in Washington to focus their efforts on encouraging and supporting implementation by the remaining hospitals and develo ping proposals for a statewide quality assurance/quality improvement stru cture for CCHD screening.
CONCLUSIONS
CCHD screening is now available to 91.4% of Washington neonates born in hospitals. This practice has been instituted as a standard of care by hospitals in the absence of a state legislative or regulatory mandate. Uni versal screening will require: (1) adop tion of screening protocols by the remaining birth hospitals, which is likely to be achieved within the year; and (2) provision of screening for the relatively large out-of-hospital birth population in Washington. In addition, attention should be paid to quality assurance of CCHD screening, par ticularly in Washington, where early discharge of the newborn is common.
